Long QT syndrome (LQTS) is a disorder of the heart's electrical activity that infrequently causes severe ventricular arrhythmias such as a type of ventricular tachycardia called torsade de pointes (TdP) and ventricular fibrillation, which can be fatal. There have been no previous reports on the time-to-onset for LQTS based on data from spontaneous reporting systems. The aim of this study was to assess the time-to-onset of LQTS according to drug treatment. We analyzed the association between 113 drugs in 37 therapeutic categories and LQTS including TdP using data obtained from the Japanese Adverse Drug Event Report database. For signal detection, we used the reporting odds ratio (ROR). Furthermore, we analyzed the time-to-onset data and assessed the hazard type using the Weibull shape parameter. The RORs (95% confidence interval) for bepridil, amiodarone, pilsicainide, nilotinib, disopyramide, arsenic trioxide, clarithromycin, cibenzoline, donepezil, famotidine, sulpiride, and nifekalant were 174.4 (148.6-204.6), 17.3 (14.7-20.4), 52.0 (43.4-62.4), 13.9 (11.5-16.7), 69.3 (55.3-86.8), 54.2 (43.2-68.0), 4.7 (3.8-5.8), 19.9 (15.9-25.0), 8.1 (6.5-10.1), 3.2 (2.5-4.1), 7.1 (5.5-9.2), and 254.8 (168.5-385.4), respectively. The medians and quartiles of time-to-onset for aprindine (oral) and bepridil were 20.0 (11.0-35.8) and 18.0 (6.0-43.0) days, respectively. The lower 95% confidence interval of the shape parameter β of bepridil was over 1 and the hazard was considered to increase over time.Our study indicated that the pattern of LQTS onset might differ among drugs. Based on these results, careful long-term observation is recommended, especially for specific drugs such as bepridil and aprindine. This information may be useful for the prevention of sudden death following LQTS and for efficient therapeutic planning.
Introduction
The adverse events in this study relied on the definition provided by the Medical Dictionary for Regulatory Activities (MedDRA, http://www.meddra.org/) ver. 19 .0. We have selected preferred terms (PTs) according to Standardized MedDRA Queries (SMQs). SMQs were built by the Maintenance and Support Services Organization. SMQs are groupings of PTs according to the level that relates to a defined medical condition, and the included terms may relate to signs, symptoms, diagnoses, syndromes, physical findings, laboratory and other physiologic test data, etc [12] . The grouping of SMQs allows for useful data retrieval and the presentation of relevant individual case safety reports. SMQs usually contain two categories of PTs corresponding to a "narrow" scope and a "broad" scope. Those two categories, "narrow" and "broad, " allow for the identification of cases that are highly likely to represent the condition of interest (a "narrow" scope) and those that would be useful when a user seeks to identify all possible cases, including some that may prove to be of little or no interest on closer inspection (a "broad" scope). The "narrow" scope yields "specificity", while the "broad" search yields "sensitivity. " A "broad" scope includes both the "narrow" terms and the additional "broad" terms, which are often of a less-specific nature [12] .
For evaluation with a "broad" scope, we utilized 20 PTs that matched the SMQ for torsade de pointes/QT prolongation (SMQ code: 20000001). Next, we evaluated for a "narrow" scope by utilizing a limited number of PTs that matched the same SMQ. The number of selected PTs categorized in the "narrow" scope was 6, as follows: electrocardiogram QT interval abnormal (PT code: 10063748), electrocardiogram QT prolonged (PT code: 10014387), long QT syndrome (PT code: 10024803), long QT syndrome congenital (PT code: 10057926), torsade de pointes (PT code: 10044066), and ventricular tachycardia (PT code: 10047302).
Furthermore, the possibility that drugs could shorten QT and pose safety concerns has recently become a subject of active debate [13, 14] . Poluzzi et al. defined torsadogenicity according to the following criteria: 1) torsade de pointes, 2) QT interval abnormalities, 3) ventricular fibrillation/tachycardia, and 4) sudden cardiac death [15] . In their results, all drugs in groups 1 or 2 demonstrated a high ROR value. According to Poluzzi Iribarren et al. analyzed 90 drugs [16] . They selected drugs according to the Arizona Center for Education & Research on Therapeutics website (www.azcert.org, https://crediblemeds.org) as having QT liability [13] and added carbamazepine, primidone, phenytoin, digoxin, lidocaine, and aripiprazole, which were not listed on the Arizona Center for Education & Research on Therapeutics website [14] . In this study, we selected 113 drugs in combination with the drugs analyzed by Iribarren et al. and according to the Japanese regulatory authority's guidance and manual [1, 3] (Table 1) . Our lists include antiarrhythmic drugs and also some non-cardiac drugs.
Among these selected drugs, anti-arrhythmic drugs were categorized using the VaughanWilliams classification system.
For signal detection, we calculated the ROR as the ratio of the odds of reporting an adverse event (LQTS), versus all other events for a given drug, compared to the reporting odds for all other drugs in the JADER database. RORs were expressed as point estimates with a 95% confidence interval (CI). Safety signals were considered significant when the lower limit of the 95% CI of the estimated ROR was greater than 1 [7] . The median, quartiles, and WSP were used for evaluation of the time-to-onset data [9, 10] . Time-to-onset data was calculated from the start date of administration to the occurrence of the specific adverse events. It is necessary to take right truncation into account when estimating the time-to-onset of adverse events from SRS data. We chose an analysis period of 65 days after the start of administration to focus attention on the onset of adverse events within 2 months after the drug administration. The rate of occurrence of adverse events after prescription is thought to depend on the causal mechanism and will often vary over time; in contrast, adverse events not associated with the drug will occur at a constant background rate. The WSP test is used for statistical analysis of time-to-onset data and can describe the non-constant ratio of incidence of adverse events [10, 11, 17] . The shape parameter β of the Weibull distribution has been used to indicate the level of hazard over time without a reference population. Accordingly, in this study, when β was equal to 1, the hazard was considered to be constant over time. When β was lower than 1, the hazard was considered to decrease over time. In contrast, when β was greater than 1, the hazard was considered to increase over time [9] [10] [11] 17] .
All data analyses were performed using JMP 11.0 (SAS Institute, Cary, NC, USA).
Results
The 2), and 254.8 (168.5-385.4), respectively. The 95% CI lower limit of these drugs significantly exceeded 1, and so the signal for association with LQTS was considered to be significant for these drugs.
The time-to-onset data and WSP analyses are summarized in Table 2 . The median and quartiles of anti-arrhythmic drugs (oral) and anti-arrhythmic drugs (intravenous) were 11.0 (3.0-31. The WSP β and 95% CI lower limit of bepridil exceeded 1, indicating a significant association of bepridil with LQTS.
Discussion
The high frequency and unpredictability of drug-induced LQTS are important issues for clinicians. The most common cause of drug-induced LQTS is inhibition of the cardiac hERG potassium channel [18, 19] . It has been known that several anti-arrhythmic drugs also have a risk of causing a pro-arrhythmic effect [20] , which is a problem that has been reported in clinical practice [3] . Our analysis showed that all of the anti-arrhythmic drugs we evaluated had high and significant RORs in the "narrow" scope (Table 1 ). In particular, anti-arrhythmic drugs belonging to Vaughan-Williams classification category 3, which have a K channel blocking action and are used when other anti-arrhythmic drugs are not effective, had especially high RORs. The occurrence rates of ventricular tachycardia (including TdP) described in the packaging inserts of pilsicainide, aprindine, and bepridil are "0.31%", "0.20%", and "0.20%", respectively. For nifekalant, the occurrence rate of ventricular tachycardia (including TdP) is described as "more than 5%". In comparison with other anti-arrhythmic drugs, the LQTS risk of nifekalant might be high. Upon further consideration of the mechanism (cardiac hERG potassium channel inhibitory effect) underlying QT prolongation, the high ROR of nifekalant that we detected was assumed to be a plausible result. Drug-induced LQTS has led to withdrawals or restrictions on the use of a number of marketed drugs over the last decade, especially non-cardiovascular drugs [21, 22] . In our analysis, significant RORs were detected for 34 non-cardiovascular drugs, including pimozide, arsenic trioxide, nilotinib, donepezil, ephedrine, methadone, probucol, etc. (Table 1 ). These 34 drugs have been reported to potentially cause QT prolongation by several studies [16, [23] [24] [25] . The results obtained by analysis of data from the JADER database in this study were reasonable in the context of those reported in the literature. For bepridil, amiodarone, nilotinib, arsenic trioxide, and nifekalant, warnings about the risk of LQTS or ventricular tachycardia including TdP are described in the warning boxes of their package inserts in Japanese.
The risk of LQTS is known to be increased by many factors, including: female gender, cardiac hypertrophy, chronic heart failure, cardiomyopathies, electrolyte imbalance (hypokalemia Time-to-Onset Analysis of Drug-Induced Long QT Syndrome and hypomagnesemia), polypharmacy, race, etc. [21, 22] . Gender was reported as both a demographic and systematic risk factor of LQTS [3, 21, 22] . A potential interaction of quinidine with gender was reported [26, 27] . The RORs in female subjects were higher than those in male subjects were. A reduced cardiac repolarization reserve closely related to sex steroids has been proposed to explain the higher propensity of women to develop drug-induced LQTS [22] . Polypharmacy giving rise to drug-drug interactions should also be considered as a risk factor for drug-induced LQTS [22, [28] [29] [30] . For the majority of drugs except for class IA drugs, LQTS risk increases with the dose prescribed [19] . The results of a retrospective analysis of the FDA Adverse Event Reporting System database (FAERS) by Shaffer et al., where concomitant risk factors for QT prolongation and TdP occurring in association with the administration of macrolide antimicrobials were examined, showed that the co-administration of drugs prolonging the QT interval accounts for 50% of registered TdP reports [31] . Pharmacokinetic interactions with drugs, such as thioridazine, erythromycin, and terfenadine, that are known to inhibit cytochrome P450 isozyme CYP3A4 can enhance the LQTS risk of these agents by decreasing their clearance [3, 19] . Elderly female patients with polypharmacy including drugs with the potential to inhibit drug-elimination mechanisms are at a particularly increased risk. Certain drugs (e.g., diuretics that cause hypokalemia) inhibit drugs elimination [21] . The acquired factor of age might influence the ROR. More detailed analysis focusing on these factors is a subject for future investigation.
Curtis and colleagues have evaluated the concomitant use of QT prolonging drugs in a cohort of 1.1 million patients. The concomitant use of 2 QT prolonging drugs or a QT prolonging drug and a drug that inhibits its clearance was identified in 9.4% of patients, and the concomitant use of ! 3 drugs was observed in 0.7% of patients [32] . We surveyed the coadministration frequencies among 113 drugs in this study. From the evaluation utilizing the SMQ with a "narrow" scope, we obtained frequencies as follows for monotherapy with antiarrhythmic drugs [aprindine (31.6% [12/38] . From these data, it seems that the frequency of coadministration of anti-arrhythmic drugs with other drugs that could potentially induce LQTS was high. On the contrary, it seems that the frequency of co-administration of antipsychotics with other drugs was low. Despite being a potent antiarrhythmic and causing prolongation of the QT interval, amiodarone appears to be associated with a low frequency of pro-arrhythmic events [33] . In our study, the number of reports and the ROR of amiodarone were relatively high. We do not have a conclusive explanation for these data. We could consider that the coadministration of amiodarone and other drug(s) partially explains the high values. We did not examine the potential drug-by-drug bias because there were too few cases for the robust further analysis of time-to-onset.
Several studies with the FAERS database, which is an SRS database, have demonstrated significant associations between LQTS and certain suspected drugs [15, 34, 35] . The FAERS database is a computerized SRS information system to which healthcare professionals and consumers send adverse event reports voluntarily through the MedWatch program. Poluzzi et al. evaluated antipsychotics and torsadogenic risk using the FAERS database and identified 3 torsadogenic signals for amisulpride, cyamemazine, and olanzapine, which were neither mentioned by the 2011 AZCERT classifications nor arose from previous literature data [15] . Validation and risk quantification through different sources such as healthcare databases are generally recommended in the evaluation of SRS data [15] . The torsadogenic risks of oral antihistamines and antipsychotics were evaluated by combining the FAERS database with drug utilization data across Europe [34, 35] . Based on the JADER database, Ikeno et al. reported a relationship between antipsychotics and the cardiac adverse events of QT prolonged and TdP [36] . Significant RORs for associations of the antipsychotic drugs haloperidol and sulpiride with LQTS were observed in our study.
To the best of our knowledge, no time-to-onset analyses for drug-induced LQTS have been systematically addressed using SRSs. Although the analysis strategy carries the inherent limitations of SRS data, the aim of our time-to-onset analysis was to obtain new information and compare the relative risks and onset profiles of LQTS for prescription drugs.
Generally, anti-arrhythmic drugs that inhibit the hERG potassium channel cause electrophysiological changes immediately following administration, and LQTS and TdP occur a few days later except for specific drugs, such as probucol and bepridil [3] . In the time-to-onset analysis, the medians of times-to-onset for anti-arrhythmic drugs (intravenous) were within 1 day of each other. Special attention should be paid to the possibility of LQTS onset with these drugs and careful observation is recommended from soon after administration until 1-2 days, especially for the intravenous route of administration. The profiles of aprindine and bepridil were different from those of other anti-arrhythmic drugs ( Table 2 , Figs 1 and 2 ). According to the package inserts and interview forms, the half-lives of drug elimination for aprindine (50 h) and bepridil (80 h) are longer than those for other anti-arrhythmic drugs (2-13.4 h). It has been reported that the LQTS risk of bepridil often increases depending on time [3] . The medians times-to-onset for aprindine (oral) and bepridil (oral) were 20 and 18 days, respectively ( Table 2 ). The WSP β of bepridil was 1.4 (1.2-1.6) and so the hazard was considered to increase over time ( Table 2 ). The medians times-to-onset for antipsychotics and arsenic trioxide were 10.0 and 11.0 days, respectively (Table 2) . These results corresponded with those of previous reports and confirmed the necessity of long-term observation after the administration of these drugs.
In acquired LQTS, latent genetic backgrounds may be related to the prolongation of the QT interval [37, 38] . Five to nineteen percent of patients with drug-induced torsade de pointes carry mutations in genes involved in congenital long QT syndrome [39, 40] . For congenital LQTS, as many as 13 distinct genetic mutations have been identified [41] . Several potassium voltage-gated channel subfamily H member 2 (KCNH2) mutations were identified in persons with drug-induced arrhythmias in a database of SRS for adverse drug reactions [42] . Recently, pharmacokinetic and pharmacodynamic influencing polymorphisms related to drug-induced QT interval prolongation have been detected by genome-wide association studies [38, 43] . The frequencies of polymorphisms in genes known to be associated with congenital long QT syndrome had varying distributions among ethnic groups [38] . Caucasians seem to be more sensitive to QT prolongation than other ethnicities [38] . Our analysis did not consider this genetic factor because the JADER database lacks detailed clinical information [44] . Thus, typical of results obtained from analysis using SRS databases, our results require further epidemiological studies for confirmation.
In our results, the RORs of several drugs such as nifekalant, bepridil, pirmenol, etc. had huge values (> 100) in the case of analysis with the PTs group of the "narrow" scope or with the PTs group of "g1 + g2" compared to the results with the "broad" scope ( Table 1 ). The calculated RORs might vary significantly depending on the selection of PTs.
Electrocardiography (ECG) is an important criterion for the diagnosis of torsade de pointes/QT prolongation. Iribarren et al. have assessed the drug-induced alteration of QT interval in a self-controlled crossover study using a large ECG database [16] . Since detailed patient information such as ECG is not intrinsically included in the JADER database, we did not evaluate ECG results in this study.
In this study, we selected PTs for the identification of torsade de pointes/QT prolongation, which is coded according to the terminology prescribed by the MedDRA. According to the Introductory Guide MedDRA Version 19.0, each PT is a distinct descriptor (a single medical concept) for a symptom, sign, disease, diagnosis, therapeutic indication, investigation, surgical, or medical procedure, or a medical, social, or family history characteristic [45] . PTs should be unambiguous and as specific and self-descriptive as possible in the context of international requirements. Therefore, eponymous terms are only used when they are recognized internationally. The granularity/specificity of the PT level is such that clinical pathologic or etiologic qualifiers of the descriptors are represented at the PT level (http://www.meddra.org/sites/ default/files/guidance/file/intgui de_19_0_english.pdf) [45] . The JADER database is derived from spontaneous volunteer reporting. The contributors only report adverse events according to ICH E2B, the international safety reporting guidelines, and rely on the definitions provided by MedDRA. It was difficult to confirm the criteria used to define torsade de pointes/QT prolongation events by volunteers at the time of reporting. However, the reports in the JADER database have been reported by healthcare "professionals. " Furthermore, our analysis was restricted to reports where drugs were recorded as a "suspected drug". We consider that these data suggest the association of certain drugs with torsade de pointes/QT prolongation, but further validation of these associations is needed.
The SRS is subject to various biases, including the exclusion of healthy individuals, the lack of a denominator, and confounding factors [8] . The ROR is defined as the ratio of reported cases of a defined adverse event of interest versus all other adverse events for the drug of interest, compared to the reporting odds for all other drugs present in the database. In basic terms, the higher the ROR value, the stronger the risk of an adverse event appears to be. In absolute terms, the ROR indicates an increased risk of adverse event reporting, and not a risk of adverse event occurrence. The ROR is different from the "odds ratio" (OR) that is commonly used in epidemiological studies. Because of these deficits within the SRS, the ROR does not allow for risk quantification. Rather, the ROR offers a rough indication of the strength of the signal and relates only to the hypothesis [8] . This should be strengthened in pharmacovigilance studies.
In evaluations of the risk of LQTS, unadjusted confounding factors should be taken into account. The ROR is a clear, easy to understand, and applicable technique, which allows the control of covariates through logistic regression analysis [46] [47] [48] . However, we did not perform further analyses to obtain adjusted RORs for age, gender, and other comorbidities. The reasons were as follows: 1) the number of reports was several dozen to several hundred at most, and 2) the JADER database does not always contain enough patient background information to properly evaluate an event. Therefore, it seemed to be difficult to apply the logistic regression analysis to adjusting cofactors in this study. The covariates should be evaluated with respect to a variety of patients' backgrounds in well-organized epidemiologic studies in the future.
Despite the inherent limitations of SRS data, the results we obtained about the association between suspected drugs and LQTS are in agreement with the results of previous reports. Our analysis of time-to-onset data indicated that the time-to-onset profiles of LQTS differed among drugs. This information may be useful for clinicians and patients to prevent sudden death following LQTS and implement more efficient therapeutic plans.
Conclusion
Our study assessed time-to-onset data for LQTS obtained from the JADER database. The results indicated that the profiles of LQTS onset differed among drugs. Our findings corresponded with those of previous reports and confirmed the necessity of long-term observation after administration, especially for specific drugs such as bepridil and aprindine. This information may be useful for the prevention of sudden death following LQTS and for efficient therapeutic planning. 
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